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I. INTRODUCTION

Soviet positional as}ronomers and geodesists have expended cupsider-
able effort on the proble# of the mo;ion of the terrestrial poles and its
effect on latitude variat}on. Since thesge fﬁndamental studies ares of poss-
ible significance to intej;‘continental geodetic ties a.ﬁd to those eodesiste

interested in problems ofihigher geodesy, preliminary analysis of Soviet

work in this field was undertakren
25X1A5

25X1A5a1

Resulis of his

study are incorporated in Section Il of this report.,

Part II is a bibliog%aphic reference guide to additional Soviet dats
dealing with this problem;which‘were collected by the staff of this project
during the course of its *ork on the primary objective of studying Soviet
geodesy, photogrammetry a#d cartography, No attempt has been made to collect

ell aveilable Soviet data:dealing with variation of latitude.
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25X1A5a1

I1I. REPCHT NO, 1

VARIATION OF LATITUDE PROBLEM

25X1A5a1

I, &n important summarizing article by K,4., Kulikov: "Moticn of the
Poles of the Zarth and the Variation of Latitude".appeared in the Russian
language, in Vyp. 5 of Uspekhi Astronomicheskikh Nauk (1950),

See-Translation o, € for a complete translation of this articls,
Its importance consists chiefly in Fig. 9 which contains the moticn »f the
pole, measured from Orlov'!s meen pcle, for the entire interval 19¢1,5 to
1946.0,

Furthermore, we c:n infer the following:

a) The “ussians have made no substantial prégress, to date, in their
effort to explain the observed effects, They atiribute the annual ‘em to
changes of air masgs, snow cover, pressure of the atmesphere, but nake no
attempt to compute the actual predicted amount of the "forced nutetion,"
They believe that this tefm is substantially the same in all the jeurs, but
minor differences are not ruled out -- especially in regard to the duration
of successive meteorological cycles.

b) The Chandler periodic term of 14 months, when freed from the ob-
served variation through the process of subtracting from the latter the
mean components of the annusl, forced nutation leaves tie almost 'wre efiect
of the "free nutation.," This chows very large changes ir amplituce, fron

0u04 to 0U25 between 1292 and 1938, There are also suspected sudcen changes
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in phase, as in 1925. The motion of the pole produced by the free nutation
is approximately a circle, whose radius veries. (The motion ﬁfoduced by
the forced nutation is an ellipse itk e = 0,5), lio explanation o~ the
change in the smplitude of the free nutation is sugrestel by the Soviets,
except indireectly, by remarking thet if « "rearrangement of the mass on the
earth had happened only once and had then ceased" the free rutatio: would
continue indefinitely with a ccnstent set of elements, Thus, proéimably,
the variétion of these elements suggcests that the "rearrangenent ¢l the
mass" is a continuing process.

¢) There is no new information concerning the "non-polar" variaztion
vhich Crlov has designated as¥ . Apparently, the reality of thes: quant -
ties is not being questioned -~ there is nowvhere any suggestion thet it
might be caused by systematic errors of observations,‘except in those cases
where the mgthods, the instruments, the observing rrogrer, or the entire
latitude stations were chgnged. This ncn-polar varietion which effects even
nearby stations In different ways, is ap arently not at present ccasidered
sufficiently well observed to warrant a thorough discu-cion, Thus Fulikov
limits his remarks to a comparison of the? wvilues at Carloforte cad Greenwich,
between 1917,0 and 1927.%5, whiich had heen previously given by Orlev. OCnc i:
led to infer that different stetiomns may "slip" toward, or away fron, each

other bty amounts of the ordcr of a few reters, at .wost,

II, It has secned to ue that there might exist a conmmection between
the variztion of latitude and the variation in the rate of the eaithi's ro-
tation,

a) This latter rroblem has been grestly advanced, in recent ycars,

through the researches of I, Stoyko in Faris, Taking advantage of 2 recent
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trip to Europe (September; 1051) I secured a sét of Stoyko's reprints, scme
of which are not often found in astronomical libraries. (Dr, Ztojko is &
Russian who went to Francé efter the fevolution, having previously been &
member of the anti—communist forces of Southern Russia, He is nov the Chief
of the Dureezu de ]'chre.)

Stoyko's own principel contribution to the protlem of the ea-th's ro-
tation is his discovery of an amnuzl (or seasonal) variation, which hes bLeen
amply confirmed at other 6bservatories. This annual term of the .arth's
rdtation, fourd by comparing an accurcte cuertz clock with astron mical
transits, is almost certéinly directly comrected with the forced .wutation
of the wvariation in lutifude. Thé changé of the pole recults in = error
of the observed transit amcunting to |

(x sinA -y cosh ) tgg

9]

which may exceed 0,72 second for ¢ = 50° (Paris). The amplitude of Stoy:-!
seagonal term is atout 3;06 second. Thus the latituce effect ;rcbably ac-
counts for a substantialjrart, tut not for all, of the Ztoyko effect.

b) Stoyko, and more reccntlj, D, Srouwer (Physics Today, 4, 1o, 8,
1951) have shown that, contrary to the views of earlier workers, {(De 3itter,
ete,) it is not the deviations from uniforr rate of rotation of the eartl,
£, that undergo sudien éhangas, remairing linesr bet.ecen such ejochs, tut
the deriveatives of thesejdevia%ions, dQ /dt, that vehave in this uanner,

The most striking sudden:changes in the observed valucs of AR /dt, since
the beginning of the latitule survey, occurred ebout in 1910: Stoyko's
curve of the annual variation is shown on attached sheet,

If we compa:re this curve with the curve of amplitudes of Oriov's "free

nutztion," which I heve very -oughly extended beyond Orlov's los' year, 1928
s very £043 ; ’ 5
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using for this purpose the currves Qf fh_e total variation given by !ulikov
we have a suggestion cf a corr’elation: large values of A2 /3t corresnond
with large amplitudes of the free ﬁlltation.

It is imporsible to go f‘urihef at the present tire. There ar+ no
relial:le physicel expla.nations of either of the two effects. Dut hoth
undoubtedly result fiom & chenge of the roment of inertiz of the eurtkh,

It is also evidert thet there is no correlation between the agplitudes
and the direct deviation as neasured, for example, by the fluctuat ons of

the longitudes of the roon,

III. I have hed extensive corresporcence with a nuaber of geophysicisis
conceining: R

a) Annusl periodic term of l!étitude variation (Munlk, l"intz), Their
opinion is thzt the [resent infomé.ticn on the meridionzl compcnenti of the
winds 1is insufficient to enahle thém to attack this problen,

b) The same investigators, ai”ter having been reasonably confl.dent in
earlier papers that the winls could explain the annuel (3toyio) te-m of the
earth's rotation, now state thet the latest dete will jermit them o attri-
bute only a small fraction of the Stoyko effect to the winds,

¢) Dr, Byerly bclieves that ihere are definite slipages of parts of
the earth's crust, These may expl?in the ¥ terms of Orilov. This sroblem

requires further study, and I an not now prepared to report on it in detail.

e~
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PART I,
MOT IUN Qz THE TERRESTRIAL POLES

A, Trudy Poltavskoy ﬁraﬁiuetricheskoy Observatorii, vyp, 2, 194€.

1. E. F, Feodorov: Foundations of the Modcrn Theory of the otion of
the Terrestrial Poles, p. 3,
The model discussed in -this paper had its beginning in Newton's
Principia: the earth is considered as a sphere surrounded by a thin ring

around the equator. The ratio of the mass of the ring to the mass of the

planet is
D_2C-4
M 3 ¢
where H = 9—6—-4- is the mechenicel polar flattening and equals 1/308, "he

varlation of latitude caq be demonstrated with the help of the riag modei;
it was in fact predicted:by Newton, who did not, however, derive its period.
For a rigid esrth this was done by Euler: To = % : % . One of tne princi-
pal tasks of the contemporary work on the variaticn of lutitude i: to:

1) establish %he general pature of the effects produced by the elesticity
of the earth; 2) find the relation between the potentizl of the tide-pro-
ducing force and the re: ulting deforration of the earth; 3) deterdne the
chenges in the chape of the earth in relation to thé instantareouw: axis of
rotation,

If the rotation of the carth should be stopred, it would cssume &
new shape, not srhericul becouse of its elastic projerties, but ore having
Hy different from H,

If the rotation is resumed srowd a new exis, the earth wil) form
2 bulge along the equator of this new axis, There ure thus two btlres, and

on Newton's model two rings. Yhe [iregt is firmly attached to the ~lobe and

h .~ p-
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its mass iszm‘{=% Hy. Lhe second wenders around becsuse of the wotion
of the instantaneous axis, It cauSCé no irmediate effect upon the varia-
tion cf the latitude. Apﬁroxiyﬂtely T/To = H/Hn, but since HOD> L, ve find
that the elasticity incre%ses the period.

There follows = d%scussioﬁ of the determination of Hn fror obser-
vations of the tidal defofmatinn of the earth,

The variztions ofjthe rotential of the ceﬁtrifugal force, result-
ing from the motion of thé ins*antaneous sxis, produce small ocesr ic tides
with period T and this terds to dampen cut the oscillation, This is anslogous
to the assurption thet the second, mo%able ring in MNewtor's model experi-
ences friection, Consequentlv, it no longer canzls out in so far :s its
centrifugal scceleration is concerned. The amplitude of the oscillution of
the axis must decrearse, ?his raizes the following oues{ion: 'Tha =are tre
efforts that maintain the;free oseillntion of the poles?

The annual transp§rt of mess on the surface of the earth roduces
a change in the locntion;of the pole of inertie, This, sccording to Padnu,
ig transferred with gr eaﬁly increassed amplitude to the rcole of rousticn.

Fig. 4 shows thejmigrr?ion of the poles of inertia coused by mete-
orologicel effects, aPcogdinp to 1) Jeffreys, 2) Schweydar, 3) Kosenhead,
and 4) Byzova. In veneral they represent sati sfactorily the observed poles
of inertia, shows as crosseﬂ for January (bottom) and July (top'. The main
effect is due to the Uccumu¢a110n of air in winter over Europe ari lAsia,

The departures of these meteorological effects from strict pericii-
city probably are resronsitle for the maintenance of the free oscillatiors.

They are crhanced by earthcuakes and vclcanic eruptisns,

o "’“""ﬁ el ot o
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The article closes with a brief discussion of the statistical

method of G,Udny Yule end its applicution by Jeffreys.

2.

10,

N,A, Popov: Variation of the Latitude from Observ:tions of Two
Brigh} Zenith Stars, 1, 21.

E.V. Lavrentyeva: Observetions of the Zenith Star f Draconis at
Irkutsk, p, 42,

S.V. Drosdov and E.:, Feodorov: Veriations of the Latituie of
roltava in 19.%5.5 - 194€.5, 1. 56.

G;K. Zimmermen: llew Liscussion of the Observ:tions m.de oy 1.
Bonsdorff at Odessa ir 1908-1910, p, 62.

G.K, Zimmermen: Generalization of Bonsdorff's Method of setermin-
ing Corrections for Errors in the Divicions of the Circles, p. 74.

E.P, Feodorov: Determination of the Pitch of a Micrometer from
Observations of Fuirs of Stars taken from the .ashington .enith
Stars, p. 79.

N.A. Popov: Gravimetric Conrection between Poltave and L:rov, p. 8.,

Z.N, bksentyeva: On the Tides of Lake Raikal, p. 106,

Z.4. Ausentyeva: fesults of an Eleven-Year seriee of Obs rvations
(1930-41) of the virigtion of the Ilurb Line at Poltava, 5, 121.

B. Trucy roltavskoy Gravimetricheskoy Ubservatorii, Vyn, 3, 1950.

1.

2o

A.Ya, Orlov: The Gravimetric Observatory of the Ukrainiern 35,3.R.
Acndemy of !'clences at Foltava, p. 3.

K.A. Popov: The Great cenith-Tclescope «t Toltava, and Ol servitions

‘made with it in 1039-40, -, 13.

E.V, Lavrentyeva: Observations of‘the senith 3tars a Percei andnz
Ursae Majoris in 1040-/1, p, 75.

S,V, Drozdov: Determination of Declinations of Faint 3tais with
the _enith Telescope, ;. 121, -

E.P, Peodorov: On the Causes of Changes in the Inclinaticn of tthe
£xis and Azimuth of leridian Instruments, p, 126,

G.A. Frelberg-fondratyev: Construction of Trancit Instrurents and
Meridian Cirecles, p, 149,

T . R,
. B
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7. AKX, Forol: lotion of the Pole of the Farth from 1915.5 witil
192%.0, p. 162,

C. N.L. Byzova, Cn the Effect of the Transport of #ir upon the “otion of
the Axis of the Larth., Doklady, Akademiya lauk, SESR, T, 58, Vyp. 3, L947
During the winter time there appears over lsia and Kurope en addi-
tional mass of air, amouﬁting to 2 k 1034 tons, while Cduring the summer
this mess flo;s toward t#e oceans, Lhis has resulted in a dizgrsm which
shows the disiribution of precsures in the form of lines, giving squal 4if-
ferences July uinus Januéry. Thece lines indicste a very large excess in

central Asia and a minimum just east of the southcim tip of Greeniand.

D, Astronomicheskiy Zhu:nal, T. 18, Vyp. 2, 1951.
N.B, Divari: The Stéllcr Component of the Light of the Night Sky, p. 163,

Previous estimatés based upon the star count of 3eares anl van Ehi jn
canr.ot be reg.rded as adéquate. lence, & surface photometer deei.ned by
V.G, Fessenkov uwns used in 1946 at Rlﬁa Ata end in 1740 near Lam Issyk-K.al.
Special observitions weré rade to determine the atmospheric und zodiscal
light components., Tle uﬂit of surface brightness used in most of the tables
.and formulce is one star‘of ma;nitude 5 per scuesre degree. Teble 1 shows
K (2), the atmospheric compouent in the first approximetion. The e vrlues
are relative to the brirshtress ¢t the pole., Table 4 gives the figl deta
of K (). 4e & first appronimition et the pole X (2) « 0,38 wit. Table 2
gives the first approximation of L (g), the stellar commonert, Tutle 3 is
the computed sccttered stellar light GR (Z,p) where the transmiss on coei-
ficient p = 7,86, “he second approximztion of the lirect ster 1i -t L (f,})
II is in Table 5, The final a“mospheric component Z (b) is in Talle 7

(Fig. 2). Table ¢ cortaine a cormparison of different sets of valies of L (R),

A A S
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Succeasive lines are 1) Van Rhijn; ?) ¥ntema; 3) Gron .27; 4) Gron 18;

5) Gront 43 photogr.; 6) Fesenkbv from star counts by Jears; 7) Divari,
The left upper corner of each rectangle gives L (p) in the absolute unit
used by the author, The‘right,:lowef corner gives rel: tive vilues, reduce:d
to L{90°) = 1,0. The light of all stars feinter than (.5 mag, is equal ‘o
600 stars of mag, 1. Adding to this 176 stars brighter than mag. 1, we

have a total of 776 stars,

E, 4stronomicheskiy shurnal 33SR, T.&, Vyp. 5, 1051

V.V, Sharmov: Fhotometric Corparison of Twilipght Effects on the Earth
and on Venug, p, 282,
.

An attempt is made to coﬁpare the brightnegs of twilipht »r. Venus
with that on the earth, OCn the latter the logarithr of the brightness
varies linearly with the an;le D from the terminater., The obrerv:d bright-
ness consists of two components Ba (ntmosphere illuminated by the sun) and
Bp (surface of the grouné illuminefed by tuwilicht). The latter is By = p B
where r ls the coefficlent of reflectivity of the surfece, p, is the trans-
migsion coefficient and B is *he illumination produced by twilirht.

The author has observed: a) the sky st the zenith By, eri b) a

white horizontal surface Bg. He then determines }f= Te and {inds

ULJ'W
® N

¥- 0,55, independently of Df Since approximately B, = By X L he finis
that from a distant point the surface brightness of the twilicht zone of
the earth would be = Bp + By « (pr + ¥ )E. E is in lux, B in epotilbe,
rom observations made in 193, he found that for 3°<( D <<12° the fol-
lowing relation holds log E = a -¥D where « varies grestly with the con-
ditions but ¥ remains constant, This is equivelent to log D =6 -+vD,
If the density is given typ = Fbe.eh’ then there should exist the rele-
tion v = const, PR, Consejuently, for the earth and Venus:

Approved For Release 1999/09/01 : CIA-RDP79-00202A000100110001-4
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YE Ry
YV By

BE/RV =

Table 1 gives the observations for the earth. They show that the surface
brightness even quite close to the terminator (D = 3°) is only ebcut 0,002

to 0.004 of the brightness of the illuminsted disc. IHence, the ot servatinnazl
difficulties are immense,

Nevertheless, Sheronov gives in Table 2 the results of two photographic
series of observetions of Venus medé with e 15-inch refractor (the original
negstives were destroyed during the war at Poulkovo)., Here d is ~he distance
from the center of the planet, E is the angle of reflection, i th~ angle of
incidence. B is me-suréd along the equator. The results are giv'n in the
form of v = 0.114 and also as the gredient of the brirhtness at tie termi-
nator itself, which is decignated as Gg = 0.,051. Tor the earth - = 0.44;
Gy » 0.22. TAis would indicate that on Venus the twilight effects are about
3 to 4 times stronger thén on the earth. But photographic spreeding, ete,
would tend to vitiate this recult, and the author believes that thc real
ratio is about 2,

F. E,V, Pyaskovskaya Fesenkova. Lelstion betweenchattering of 1Lirht in
the Atmosphere and the 'Jave Length, Doklady, Akademiya Nauk 3SSR,

T.80, Vyp. 4, 1951

The sizes of the particles in the atmosvhere of the earthk viry with
the angle @ and the results are shown for three days. The index n = sbout
1 at o =10°% and 2,5 et © = 120°, Thé case n = 4 is Fayleigh's luw., The
observaiions were made with a photoelectric cell at Alma-Ata,

G. S.I, Sivkov, OCn the Coefficient of Transparency of the Atmosphere,
Doklady, ikedemiya Nauk SiS&H, T.80, Vyp. 4, 1951,
The purpose wss to coméute the totsl solar radiation during a

cloudless day, per sgquare centimeter,

p ™, gn-w.v.r»v\i "’”’M TE r—
CON R

% 3 o N 4
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PART 11

VARIATION OF LATITUDE PROBLEMS
(Bibliography)

I, AKADEMITA NAUK SSSR (Academy of Sciences of the USSR) ,

v

A, 1, lavestiye Akademii Nauk SSSR,
(Izvestiya of the Academy of Sciences of the USSR),

Vasil'yev, A, S.: "Sutochnaya solnechnaya volna kolebariy
shiroty mesta po raznostyam zenitnykh rasstoyaniy zve::?
p Eassiopei 1 € Drakoga" ("The Daily Oscillations by the
Solar Waves of local Latitude Measured by the Differerces of
Zenith Distences of the Stars € Draconis and B Cassioysae")
Izvestiya AN SSSR, 1935, No. 6-7.

Vasil'yev, A, S,: "Volny godovaya i 14,5 mesyachnaya v kolebariyakh
shiroty Pulkova" ("The Yearly and 14,5 Month Period of Oscillation
of the latitude of Pulkovo"), Izvestiya AN SSSR, 1937, Ko. 9

-

B, Geofizicheskiy Institut (Geophysical Institute) ana Tsentril'uyy
Na ~iegl

skiy Institut Geodezii, Aeros"vemki & artogrsfii
(Central Scientific-Research Institute of Geodesy, Aerisl S irvey
and Cartography),
Glavnoye Upravleniye Geolezii 1§ Kartografii pri Sovete Miniitrov SSSF .
(Central Board of Administration for Geodesy and Cartograph;-),

1. Irudy Soveshchapiya Ro Metodam Izuchenivs Dvizheniy 4 De:ormatsii

Zemnoy Kory,

(Transactions of the Conference onm Methods for Studying «f Moticn
and Deformation of the Harth's Crust),

Izdatel'stvo Geodezicheskoy i Kartograficheskoy Literatwy GuSK
pri Sovete Ministrov 55SR (Publishing House of Geodetica® and
Cartographical Literature 5ulK under the Council of Miniecters of
the USSR), Moskow, 1948, -

Orlov, A, Ya,: "0b izmeneniyakh shiroty Batavii na ostrove Yavs"
("About Variations of Latitude of Batavia on the Java I3land®)
PP.  143-148,

e
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